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(57)Abstract: 

PURPOSE: To obtain an EL device having a layer containing a 
polythiophene having a specified structure, capable of efficiently 
emitting light by a low voltage and excellent in heat resistance, 
durability, drive stability and luminous life. 
CONSTITUTION: This EL device has one or more layers 
containing one or more kinds of a polymer having a structural unit 
of formula I (R1 and R2 are each H, an aromatic hydrocarbon or an 
aliphatic hydrocarbon; average polymerization degree is 4 to 100), 
a copolymer having structural units of formula I and formula II (R3 
and R4 are each R1) and further preferably a polymer having a 
structural unit of formula III [XI and X2 are each H or a halogen; 
(n) is 4 to 100]. 
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^If -fb 9 -cs^ * (D-e fes, 

[0046] 
[^b9] 




[0 0 4 7] ^b4lZ•^L^T(*S■&i* I (D t,© i: l^^-Cfc 

-So ^^■^r. -IkstfroRi . R2 ii'fb4ro4,(Oi:i^t|-e 
35 -So 

[GO 4 8] *fc■(b5(=Ol^rIH-r^, R3 fc<fetXR4 

[0 0 4 9] R3 , R4 X'mt>$^^i^mm^it7Km 

BSteSlift<b7X^S<D:S^*:<5iJld:, •fb4©Ri , R2 © 

t c ^ -e* If fc 1 05 i t. flj ^ ¥ If -5 c t A^-e # 

-5. R3 V R4 «)»^Lt^^,®tR1 , R2 <5:l^ 

filt?fe-5. R3 tR4 tl4StMzife-&LrS^ 

-^mtLxtt, '<>-tf>ait?A<^if totL-So ^©R3 . 
R4 I=ot^rli. ■(b9l=^^L^T^,l^^t■e&'S. 
[0 0 5 0] Mtfi-teits*m^{*ii(Ospjaa^jg (^b 



9(cfcMt^v+w) It. m^w\ tmm~. 4-10 

O, »^L<l*5~40; $fe(z»^L<l±5~2 or- 
^fc. •fb4a)«l3&mfit^b5a)«jt^<4<!:OJ±* 
l*s ■fb4ro«jt*e/'fb5(D«jt#{4A^ ^-/UJ±T*1 o 

/I ~i /I osffi-efc«, 

[005 1] »*l=fcMt«ftM^ff I ia)M¥JS5J-TJI: 
i*3oo~i o o o ogjt-rfc-So 

[00 5 2] ^fc. ftfi^ftl (^b9lzS5lti) 

[00 5 3] ^a^tt:iii*, m^i* I 

4 i: -fb 5 ©«3Smfi 

Jif^LL^A<. 1 o^;u%eiT7?&*Llifl&©^>' V— fiE^J- 

[0 0 5 4] nm-^m\<Dmt^m^itT oizth-To it^ 

0(tJ(Z|±'(b4©Ri , R2 (Dm-^^t, ■fb5<OR3 . R4 
<Dm-^i^. ■t^£t}*>it9<DR\ . R2 . R3 . R4 ©^ 

[0055] 
[■fbi 0] 



Ra R3. . R. 



II- 1 H 

II- 2 H 

II- 3 H. 

II-4 H 



H H H 

CHa H H 

Ph H . H 

Ph Ph . Ph 



[0 0 5 6] ■fb6<7)lt-a-{*ll I iz-Di^xWtm-r 

§0 iteiz-oi^xm-rt. R3 fcj:i;R4 tt-fbso*,© 
[0 0 5 7] xi is^ifxz \t. "tH^tim—ximtji 



ig«)tii^ii?4ic,tsc#-r^c 



#1^^7-1 26 6 1 6 



[0 0 5 8] nii¥i^a^jg^gt3L, m^x-itm-^f^ 
I s ^m-^i^w trnmi-'^--^ oo. if?^L<(±5~4 

O. ^6.(C»^L<I*5~2 0-Cfei)o Z<Dm-t. R3 

[0 0 5 9] S4^(cfc(t^m^ftii I (DMs^l^ 

^>^*l*3 0 0~1 0 0 0 Og^T-fc-Sc 
[0 0 6 0] ^Cfcs m^i^lll I*^b6(c^f 



[006 1 ] s^ftiii <nM<$m^it^ 2iz^-r<, -ft 

2cti|C(±-(b1 1 (7)R3 > R4 0D*a•&■B-e^LTC^•5, 
[O O 6 2] 

C-fb 1 1 ] 

R4 



[O O 6 3] 




S Aft 








III - 1 


H 


H 




III -2 


H 


Ph 




III -3 


Ph 


Ph 




III -4 


H 






III -5 


CH, 


CH3 


X'-) 


III -6 


H 


CHb 





[0 o 6 4] ^^BJ<DM^<* K ftM^i*:ilfc<feU:S-& 
^111 li, vJ/\p^*>'(bTiJ-;u^b^%*.1iia-&-r^- 
i:r-^i8H^o »^L<(*. (1) yu-^-;usJS5 

frLV ■y^'PP (2, 2' -t*tfiJvJ» — •;/';r;i^[NiC 
l2(bpy)]^£<f<DN i fi»/cfi:^ffil^Ta^-r^:^J£[ Ya 
mamoto T, , et a I . , Bu I I . Chem. Soc. Jpn. , 56, 1497 (1 98 

3)] (2) t*x (1, 5-->^7P:i-^4'':;x» - 

•V^T-^UENi (cod)2]^fflL^Ta^-r5^r^[ T.Yamamoto.e 
tal., Po I ym. J.. 22, 187(1990)] . JS:i:(Z<fc U W&Jh. 
■5. 

[0 0 6 5] Ca>J:7^^«^^*:(D[^^l±, 7c3fl^J-#f. 

( I R) . Sffi^^dix--^':? (N 
MR) miz^-oX^5:^tt<x^^. 
[0 0 6 6] ^tz. ^l&aAJt (n) , ms¥i^^3-T» 
I*. JlctfcSLJi. >r;u/'?-5a:-v3 >-:7P^ h<f^:7^' 
— (GPC) . ^m-^p^ t-y^7-f— . h 
J: o T^*i ^ C i: A<-e ^ So 
[GO 6 7] MMit3 0 0°c&L±. ^tzttm^^^f-ts: 



[0 07 1 ]^ 



It^fii (%) 58.5. 
;ll^fit (%) 57.07 



H 

2.45 
2. 07 



•• 5^affiaH^felj:B r] (D-^^ 



[O O 6 8] lilTf=s C:tLG>(7)m-a-1*C0^J?lc^J$^^-ro 

m-^x7tm^m(o^m^^^To 

[006 9] -^SiZm 1 (?^^7x>-2, 4--:? 

^;U) [a^t^ I -1 : 5|gStgaH^felj:B r] g>-&J!e 
fx (1, 5-->^7P:i-^5«2?x» ^-y^;!. (N i 

(cocl)2l. 58g(5. 71 mmol) ,2,2'- 
lflf"Ji?>0. 90g (5. 751111110I) 1, 5-iy 
P?f ^'^f . Onil^, N, N-v^^^U/t^^lxl. 

T5 K5 OmllZ^*|?Hm*-e;1-&L. *P)f=2, 4- 
v:?P^^^:7x>1 . 1 5g (4. 7 6mmol) 

[0 0 7 0] 



t*X (1, 5 P^i--i7 5! i. 



39.55 0.0 (C4H2S)n 

35. 50 5. 56 

(cod)2) 1- 58g (5. 71mmol). 2, 2' 
- t* t° > 0 . 9 0 g ( 5 . 7 5 mmo I ) t , 1 , 5 - 
->-57P7|--i7^vJx>1 . Oml^. N, N-v^T^UTh;!/ 



(9) 



#ifW7-1 2 6 6 1 6 



ATS K5 Omi(C^^#H^*r-;:i-&L. tSibiZZ, 5 
-v:?P^^-9^;i-'7JL>1 . 1 5g (4. 7 Bmmol) ^iP 
^, 6 0°CT'1 8 h rti*$Lfc„ ^CDiKS. 5!F^fe<07K 

C H 
tt^fit (%) 58.5 2.45 
(%) 53.45 2.32 
[0 0 7 3] '^l$.m 3 tK'J (3-7'x-;i— ^:^77 j: 
>-2, 4-v?^>IU) Ca-^<^ I -3 : 3|^iiffiSH^fctt 
Br] 

tfXCl, 5--><7P7J-i7^fe>:i:» -•^-b'-'U (N I 
(cod)2) 1- 58g (5. Tlramol), 2. 2' 
-t*e'Jv>0. 90g <5. 7 Bmmol) 1, 5- 

P7t-^7^<i?x>i . 0ml ^. N, N--:^>T;ujt%;i/ 

ATS K5 OmllzM*|?Ha*-e;:S^L^ *c,fz2, 4 

C H 
itfffil (.%) 75.8 3.8 
S'JSfil (%) 74.5 3.7 
[0 0 7 5] ^Jj£^j4 tKU (3, 4-i?pt^;Uf^:i-3> 
x>-2, 5--:?^;U) [m-&(^lll-5 : agg^H^ 
falj:B r ] (D^jjg 

(1, 5-->^P:t-^'^«-:?x» z:-v<r;u (N I 
(ood)2) 1. 58g (5. 71mmol). 2, 2' 
-tfe'Ji5:^0. 90g (5. 7 5mmol) 1, 5- 

V-i7 P:?t--57^!i;x>1 . Oml^, N, N - ^^U^t^;!/ 
ATS K5 Onil(cM*#SI^4'-C;l-&L, ^t>lc2, 5 

C H 
(%) 65.4 5.48 
aij^ffl (%) 65.1 5.51 

[0 0 7 7] -a-figgus y^:7xv-2, 4--:;w';u- 
^;i-7i>-2. 5-i?>f;u (1:1) jta^tf [j^a 

•&tt:||-1 : agjfeSH^fcttB r3 (D^fig 

f;;?. (1. 5-->^P7l-^5« vx:/) -•y'r;!/ (n i 

(cod)2) T- 58g (5. 71mmol). 2, 2' 
-\Z\Z'J i>>0. 90g (5. 7 Bnrnioi) <t. 1, 5- 

p:^-^'^ vx>i . omi$, N, N - ^;U7t^-/U 
ATS K5 Oml(ci§fe|?fflm4=r';l-&L. *t,(-2, 5 
TC^^j-fif C H 

58.5 2.45 
57.1 2.10 

[0 0 7 9] ^<Dflfe©^J^'(b^!^l--bt^T*,±fSlc:ti£o 
T. &Sl^l±±tB(clil:rl^l^i(c■&fiE•Tr#S, 
[0 O 8 0] ;$:^0.^©E L^TI*, '>'S< <!-% 1 



[0 0 7 2] 



N Br 
39.55 0.0 (C4H2S)n 
35. 84 6. 39 

-v:?"P^-3-:7x;::.;U^;i-:7i>1 . 1 9g (5. 
Ommol) ^ta^. 6 0°cr-1 8h ritJfLfco ^-CO^g 

x$y— x^ur/i?TS>*5§j«. h;ux>, 
IS*, x^iy-;u-eafe,^Lfco Jtt*i±9 0%-^feofco 

[0 0 7 4] 



N Br 
20.2 0.0 (CioH6S)n 
18.6 3.0 

-V:fa=^-3, 4-e;.j'^;L'^;j-:7x>i . 40g 

(5. 2(Tiniol) SiP^, 6 0°CT-1 8 h rl^jf Lfco ^ 
<OiK«. :i-b>-:5fea);K'Jv-$aiiSi: Lr#fc, 
*tfc7K 'J ^-36^ t, - "rMt-t^tJi if Sl^55-r «fc to, 
i^K-x^y— ^ujgjft, x^Ly>s?TS:^7lcj#jS, h;u 
x:y, I^tK, x^y— ^b-cafej^Lfco l|K*l*8 o%-c$» 

[O O 7 6] 

N Br 
29.1 0.0 (C6H6S)n 
27. 0 2. 0 

-e?:?P^^;i-7x>0. 6 3g (2. Smmol) t. 
2, 4-v^P^^:f 7xi/0. 6 3g (2. Bmmol) 
irSiP:^, 6 01CT-1 BhrHi^Lfco -tOifem. #3Sfe 

x^U>-:;T5>7X?S;"S. h>iux>. ^7X, x^jy' 
—Jl^X'^}^Ltzo iJX^(i9 3%T?feofc„ 
[0 0 7 8] 
S Br 
39.55 0.6 (C4H2S)n 
36. 2 4.0 

[008 1] IE7L33c>;U:m^^roaAatg. ^■ 

JEfLOaA^^aic-r^lStg, IE?L^ls5iM-r-&^itgfcJ: 

i^®3!)^t,fl)«^^roj£A^^m/c-r§istg. m^^m^-r 



4$il¥7-1 2 6 6 1 6 



-5 tStgfc i: U:iE ?L(7)lil ^ If -5 «itl ^ ^-r (» r- fe 
:it*<X'^^. Sfc. Ji^(C<tor(±E7L:iA«lJ^^fc 

' *u:m^aA$Bligs«t^-rtl,tlSlt^p<TJ:^^o 

iE?LaAfBlSlgfcJ:tXm^aAlitBl®l±. -t+L^Hlzfe 
t^r. aAa«6^*.o»tfii5l««g^t.ogi:$SiJ<@l= 

[0 0 8 2] *SieS<Ofi^ft: I *5*t5#tm^ftll(*, « 
3fel4-t^UIEfL;-iA$iIi3IJll-fflt^5Ci:Atff*L,t\ c 

L^^t,C0i:T'#^[5A\ :Efl,aAll!iGlJl^^tefc lEaj* 

J:o.r(±. lETL^AI^ilS. ^3tMfccfct;m^aAiSi^ 

[0 0 8 3] l±. iE?LjSA^ 

[0 0 8 4] *-r. *s5B^<6a-&{* K *m^f*ii*si 

ifelSirL-ri*. #11036 3-2 6 46 92-^i^- 

h'JX (8-^y'J>'^ h) T;U5-'i7At|©*« 

»*Lo^. c©j:5'5:<b^!|«s*®:i:S*?Lra*a-r^c 

[0 0 8 5] Sfc, ^jfe^lCli. -fiIIMm'>X>^Y 

<r>^ o=EJi^%KiTt^^ztf)m^Li\ 
[008 6] :$:^BJcoa#^*: i , i^S^t*: 1 1 ^^jfelfl:: 

ft, mTLit. ^mme 3-29569 s-^-^o^fg, #ifW 

2-1 9 1 6 9 4-§-'^IS. !{#lfW3-7 9 2-§-ia«ll(C 



ls^^;h.rL^'S=§■^^^i^b^!|^!!ffll^•i)Ci:A<•c#^= m 

xlS. iE?LaA^5MJl(-(*. ^#Jgl = ^T5:>, t 
3IJU=f*. h'Jyt. (8-^y'jy^ h) 7;us-'5i»fj: 

[0 0 8 7] ^©15*^, jEJL&A^mmizlt. :^^m<D 

[00 8 8] lEni^^.mms^iEn}^xm tJETi^^m 
ticjJ-i+riSM-r-sig^i*. iftaXiSiSISfflro^b^ilSa 

«) ^C A^A^ e. »^ L l^J!a^■l± * SS? L T ffl l-^ * c t A<r' ^ 
5o C(©<b#. Pg^ ( I Toil) <|ijANb-<;i-><b7KT-> 

->-v;UCD'l^$ tMb-a-!t«!KDJl(Olli(cmjlt'^ C t L 

IHbIJI^ 2Jllii±iSlt«.<S:$*[5l4i-t:fc'So ^<7)<fc3^£ 
SMIlli:-r-5il<tlcJ:oT. igIll«l±A<1ST mSfi'J 
— i7 roas^AI'Sls^Wlf S63feas i^X/K-yh) «)^^ 
■ fiEft*i»cci:A<-e#-5o ^fc. ig^^b-rsii^, ^ 

Ml='f5i->^b7tf^>*>v;u*<'h$<, Bj^SPi^KJlK^t 
oJ:■5^^^b-&!|^!l^ffil^T4.. ^3fefe<7)feplS^b-\i»SiaJlK 
ic .5 jamrolST ^ C C 1 6<T' # § o 

[0 0 8 9] ll^^aAlii^Jl^m^aA^<tm^^^lli^J■ 

t(z^MtrtgJl^'5^^li. «TaAilli2lJlffla)^b^!fei 

mi- o u^-c A^sis $ 2 ^ kajiIs (t s t ^ t p 

[O O 9 O] 2>JIC. ;|:%0^roa^«: I , itS^<*IU M 

I ^]E^L^iA^illi^J■lcfflL^.5l#^lz-^l,^rs5iB^-r 

•So CWif^. lEfLaAlllKlJK^Ii. HtrfBLfcJ:a'S:iE 
7LaA}i3^iW*4^«fffl-r^-<i:A<-C^^„ ^tz. Z<D^ 

•5z4:4,-e#-5„ #f-»^ Lt^(OI*, l?g«iSSIc*IS?B 
©S^^*^fflL^fcm-iE7L;^A|glElS^^KfiEL. ^?>I= 
mrlB Lfc J: 5 '5:ffiroiE?L;-iA®i£W*4^ffl U^fcm-IEfl, 
aAWlil^^WJl-r^CtTrfeSo C(0.fc-5^EaSLfc 
«fiE<>:-r^5C<i:lz<fcy. iE?LaA^il£«tgA<fRl± L«^^ 



(11) 



7-126616 



[00 91 ] mmmmzisif^m-iEn^xm^ 
(TPD) ma>^mm^mrz>^£t'*m^Li^. 

s^f*^sss«-r s c t ic J; oTW* Ll^i!a^■t^•*s 

§ C <»: ^b^T' ^ i) A^ T' fc ^ „ 

[0 o 9 2] >r:^>'fb7KT^>v^;u 

I pro$S3^fflA<4.. 8~5. 4eVigJS. a^^?a:^E a 
(DiffiJ^filAM . 8~3. OeV^gOTt,<DT?$>-l)o 
[0 0 9 3] =t^^0Jcoa^{*^IEfL;-£AII5^^lcffiU^ 

yftjfiesros3fe^^,•^4,<oA^63K■rtLl^J:<, 

ft: I I t ^ffl * S3ttti«sM© 1 am±3!i^ Jii:s«?-r 

a AIHiMM 13 1* BtrlBom^ji *4 ^ ^ L > -S c i: 

t;s^aAiiaiM<t)iiSfi*#(z!!ss$ix-r, mf^tifsmz 

.k^r=tmti?,t<. IJl^fcy. ffi^, 1~1 000nm 

[0 0 9 5] iE?iyiAWMm<r)mtis^ifm'^^Amm 

<0l^it^m&iL<lt^ y^ o~i ofgSfti:-r*rtf 
J:L^. tt^* L < l*iE?L«). «->!?a)5£Ag t^i^S^iJ- 
lt-5Ji^l*. aAill* 1 nmJJlJi. ISl5SIMI*2 OnmJil±t 
■rS<OA<»*LL\ CfflttoaAS, filSIS<OJl^F<0 
±iai*. fi.\mX'-\ OOnnigS, SJSIiST'l 0 0 

O nnS^ * § c C © cfc 5 tcKJlIZ O t ^r l±, J£ A^M 

s^2jiisif, m-fcctt;m:^aAiiBiM<!:-r^ii#*, 

[0 0 9 6] i^i^-&:h-t±SS3tS-Vi'aT-jiA^3M 

s-^i?LaAiiiiip<;)^v y r^isg-if +^ y t^s 
(^':*->'(b;K^>vvA';i^ • WTmrntnz^ ^J^^^) ^ . 

[0 0 9 7] *^0^(CfcL^T. m^^^AlBl^mb^ifel <!: 
jE?LJ£Ami4^b-&tli:^«fffl-r-S>ii^s cfcyflft6*J(c 
(±, ll^aAli5t14^b^tl^^^-r^/l<!:2E?LaAII3j^ 



A^ii£14^b^!t^i:(7>-<:i->'(b7KT->i>-v;H pWMtL 

O. 2eVJa±T'fc-5CtA<j(fSLt^o ^ 
[0 0 9 8] C*l,t.i5S<b$#ll^5£05 I P ^, Ea^^± 

W-r^Mi:IE?LaAtt<b^#l^#*-r*B©x;j!.;u^- 
tt^ (U'<;i.) A<g3S-fb^;h.r. ^®J=fcI+i>#-ViJr 

^<i:4^v'jrroaAii<t y^s^z yic< <Jit^(Dr% 
a?*«Hb^i|«3*<5ry—:;^§(t(c< </j:y. ^-^^uts 

lS^A<*i|Sf3|Ri-h-r-5. c:*i(-S>fL, c:4xe,oS*< 
/J^ * < Jfi: -5 1 . S.® It « =(E^ r^' y T □ -y =^ jam 

[0 0 9 9] ±iBl-^^L^r. m^aAMiii^ttlb^ife)*^ 

^■r -SM <fc l^IE^LJiAffiJ^'tt^b^t! ^ -^^-r -SM<^ C^ 
■r;t^A^-7^fci>L^lii^5:^A<2MJilJt#^■rS^•&l*, 1 
^aAI«5i^1Hb^1«!l^#*-r^JlcD'>'j£ < <t 1 1 MtiE 
?LaAiiStt^b^%)^ ^*-r ^«<7)'>/d: < <!: 1. 1 Jl t (0 

[0 10 0] i^lz, iE?LaAtBlslBt«TaAtt!lKl ■ f6 
3fe^, m^aAMl-SIJltiETLiiA^jsl ■ ^3feB. tl(D«fc 
5(3. S^;-iAfl!i^e^b^!t«!l^^^-r*Jli:iE?L;:£A^ 
iHUfb^l^!) ^ ^*-r i S ^ L^T . 

-tfH«-B *<D«^aAfSlEltt^b^«3 1 iETLaASilBlli^b 
^!«!li:©lp^. EaM^-hlS®Bi:-r5-i:At*f^L 

[0101] ^yjfiSLfcSI^^, 4tl=«JiflifiE-CI4. 

[0 10 2] $c,ici*. JiiHro«g«j3El4. **e§cDa 
^{*$#*-r-5iE?LitAlilBlB*m-iE7L,'iA^3^Jli: 

m-iE?LaA$B!lJMPJilc, Jif5roiEfLaAlBli^t±<b-&i|*) 
^^^■T^Jl^ffiJ^lSm-iE^LaA^ElS^.!: LTIS 

It, $b(cca>Jiic«jiLT±iErom^aAlii^'t4<b-& 

t)^#^-r^g^l6lt^^tA<if*LL\ 
[0 10 3] za)J:5;5:mfigi:-r^Ct(Zcfco-C. ±IS 
<04-vyTC^P-;;4r>^^3aSI-iD?L, ^felcfg^roS^ 
<b^m^#^CtA<-C?^5„ 

[0 10 4] ±iaicfc(t§m^aAlaii2ltt-fb^fttt, Btr 
fH©B^^aAf^3l*^J|s^cD^f Sf=iEfl.aAlft5Itt 
^b-^l^nl*. I^ISroiE7LaAfii3M*t^4CD^EANA^C,SS?LT 

tt^b-8-.ti, iE?LaAfBlilltt<b^!feitt=&'5 1 ®(D^^ffll,^T 



7 - 1 2 6 6 1 f 



[0 10 5] td:$S. ±fE=§■Jl(C^5L^T. m^aAMizHl 

ib^t) (S^5 0wt« Ja±(D^*S) (c-^L^T©flS*ffl 

[0 1 06] ±mcDm:(Otj:A^Vt. L^-r^^A^A<Jtiaffiil 

[0 1 07] zcott(om:<D±mmizi±nfzmmttjn,^ 

[0 1 0 8] ±lHI=^^L^rfflL^-5iE^L;1feAfiliM*^^^l*. 
■{* t WilS^-fr-effl - fitO) 4, <7) T- * ^ C 

(1) Mj;^(8-*y'jy7i>)7;i'5-W 

(2) Hj;i(8-t/'j/7h)7^;-W 1,1 

(3) i-y;i(8-+;uy5i>)7Ji.5-W n,n 

1, 1 

(4) m(S-itJ'IJih)7!l^i-^l N.N 

[0 1 1 4] :$.mmiztil^Xit. «^aAflIijltt<b#!fel 
t JE^f^KW^mt-^m t <7);1#% ^^^^ ^;1^J1 ^ 

[0 115] llOt^. ;l-&gl-l*+-V'JT(»7fx-vei/ 
« X ^ s c 1 1= TjE o-e, ^=^^<J7 

^^ift-rSCirl-'&y. 3ft«)iEffi©:\^-\'yTaAI*S^ 
yiz< <^i:-S(DT?. ^^tS^b^ftA^af^— y^si+iz< 

[0 1 1 6] ±|Hro;1^^(*, ^JtilT-fe^CirA^if^ 

[0 1 1 7i±ie<D;:s^Jiic*>it^m^^aA^j^tt^b^ 

!fei<tIE?LaAttl5^1±^b^1«Di:(7);l^ifc(*, ^A-'JTCD^ 

Kf^Xm^mt-^^t^e O : 4 0~4 O : 6 OT?fc-5C 
<*:7!)^»^L<. i^lclis 0 : 5 0?iJSt:fei> C A^iT^ . 
LL^o 

[0 1 1 8] C<^jl^lz#t-r^m^;'iA^iilltt^b-&!fel 



^1*4. BeVUg-eSDy. C<DMtt4. 8-5. 4 eVCT) 

[O 1 b 9] Sfc. jE?LaA$i!i^W«<Cm^^^fO:'] E a 
(Omi^mitT. 8~3. OeViggT'fe^Ci:A<SfSU 

[0 110] c;h.(=3^t, lEKmAmm^mttuzm 

i^^m^^XWi^^mt. ii^, 'r;i->'(b^°7=-:^->-^';u 

I p<r>mMm±<5. 4-6. 5eV(D®H. m^SSSl^D E 
a(r>m>^mt<2. 5-3. 5eV(D®ffl[cfe§^,£0A^i^,ig 

[Oi l 1] ittlCs ±fEro«J3^ICfcL^T«^^aAlsli^lW 

J|s^i:Lrl*, h'jx (8-^y yy V h) T;u5-'t7A 
Si^t:^fflt^•5c:t*«ff^Lt^o ::(Djift:<D-r3t-Mb7Kx 

>V-v;H p(D«*rfilld:ii«5. 6~5. 7eVeg-C?fc 
y, ^TSgS]*Ea«)ife>!<Hll*2. 9-3. OeVSJSt? 

[O 1 1 2] ±IHlCteL^T. ^^f*LL^iE?L;:±AfilEl*^■^E^ 

t ^^f^Am&^n t rosa^-a- tteiTo 1 33 y & s » 

[0 113] 
IE?l;:£A^^=W^ 

N' -f X(m-;ifJl.7iiJl.)-N, N' -v 71^)1.- 
7iiflr-4. 4' ->■ 7;> 

;^ (4-/ -p-HJwsy 71^0 '/'?a'^r^ 

X<p-t-7' fJI/7iiW-N. N' ->• li-k- 
7L-l\r-4. 4- -V 75> 
X(.p-n-r fWiiW-N, N' -V 7I-JI/- 
7ii;i'-4, 4' -/ 7;> 

(*, Htrtsrom^aAiffiiitw^K^'SA^A^e., *fciE?Lj±A 
ii^^i4^b^i^!i(*. H1rl^roI^LaAi9IS«^|s^ro^fA^A^^,a 

(zfcL^T, m^aAfSlliMtt{b^1«!ls jE?LaEA!il=Sltt'fb^ 

!teii±#>* 1 ^i©^<•fflL^r*2al^i±^«ffflLrt<fcL^o 

[0 119] ±iSro;g^Jf (-fflt^•5I?LaAffi5^l*^^£^^: 
ttTaAI^Stt;*4i:ro-i':t>'(b7t?-x>'>^;n p<Dmt 

O. 2eVfel_frrfe-5;i<tA<4fS LL^c 
[0 12 0] ^nmJS-<D I pM, E aM^JlIS^H<!:-r 
■5Ci:lzJ:or, 5fel=;^'<fc^-^"J T<75:/a-v+>y5£b 

S(=inK.. y rA<ffitte*ii='«fe y ffi^^fiaiKcfS^ 

i!l-r5S6mA<|nl-tL. c,(cS^-r-5i:i:tlc, 
^ -r ^ ^ i: . ±Ifiro J; 5 'Jf^^ A' y 7<D P -v ^ > 

[0121] ±t'd<Dma>tJ:t^X''t. i'^-r^t^A<±timm 
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Ea<©$SS>tffi, *fcB^aA$i}Kl*^3|^t LT h'JX (8 
[0 1 2 2] :*;^0^lzfcLNT. ±fa<D<i:5'Jf;l-&il?lg 

-]E?L5tA^=IJl±l=. mznEaaAfiisst L-CiSP 

[0 1 2 3] ;l^S<D}KJ?g:^.^i: LTI*. MjEC^ 

•So 

[0 12 4] ±l2«)^l^gl=il3t^TI*, H^b^ife^lS- 

-r-5C<t7b<i?* L<. ftftWiclii --8 5nni,!:-r^-t 
ii)<Jlf^L<. ^bir(*5~6 Onm, 5 ~ 5 O nni.h 

^^tsib^«DM<D-aJi-r^ct7!)<»$L<, ^li-ib^ 

!|«!lJl ^-r '<T jl^Jl i: -r 5 i: SIf JS^flS-^jt 
[0 12 5] :*:«B^(-fclt-5-f:!i-><b;K^>->A';i' i p 

(±. e^i, fiisis. ^a, •m.i-^n. 123 c 1 s a 5 ) 

roiBtgir^JEaigx^.^U^-B^^J-SfeSS r Model AC-1 
J (SPffSIS) ^fflt^. 1 0~2 OOnmJla>ib^!|*l 

[O 1 2 6] .±lBrolSx:{i;U^-m^»3tSM(*, |gl2 

[0 12 7] gl2l=^-rj:5lc."5j'3feg111 01*, 
^7>:^1 1, ^y^ypy— rS»1 2, •|£x;*!.;u^— 
H-»SS (^aS) 1 2. $iJ?Ni^M.l 4. jusa^gs 

1 5fcJ:i;X-YX7"— C5l elCcfcyffiM^+L, X-Y 

X T^- 2?± (=-9- 1/ s L T aiJS a 4. -e & 
[0 12 8] Sg^i^^x/^^i 1 iciia7K*^>::f^ffl 

2 O 0~3 6 Onmroes©jfi:gfc:^3tL, -y->3f;USg 



ffitCgBft-t-^. 2 O 0-3 6 OnmOjtli, E=hv = h 

(o/A) (E : x;^;!.:^:— h : v ■■ 

t^.^^G. 2-3. 4eVi:'5:-5o Z(Di/t^m&=!^^-Jl^ 
^— ©(£ I ^^r e. ifi; t iRl *^ o r X - >f L T t ^ < 
feSx4.JU^--(?3t«a^(CJ:-5mT»a3A<J&^ 
C(Dx:?.;Ur¥:-At-flg|Z3tmfifJtt»H!!S<i:L>^+Li) 

(D;1IS:^Lfcm, E13lc^-rd:a'SaEx:f.;udf— ■ ]SS 
[0 1 2 9] »:*:!^ttl-^-rJ:-5lc, za)3tmf-aa3* 

( Count Per Second : CPS ) tS}&:r-^JU^— (eV) 
Ommit. mW^3tm^lSti3*«)n^ (CPS) n t 

tA<T'#-S)„ CZT:, n(DfiII*J1^1 /2^ggfflLTL^ 

[O 1 3 O] /<Cfc®]»^Ml 41*. =E/'?Py-5« 1 2 
rojKSiKlS. X-y;^7"— S?1 6(zJ:S-9->::f;Hig<D 
$iJ(SP*JJ:Ufex^<.;U^-m^«aSMl 3 roH-S!ti&l«tP ^ 
^T•^Tl,^■^). 

[o 1 3 1 ] (s-o-c. ^Mmx'it. |g|3A^t.^#e.^■53t 
mMtt»iia*'r;i->^b/K^:^i'A'-;n pi-r-i>= 

[0 13 2] -yj. *^^lrfclti)«^Sfn:*3E aft, 

i|xx^^7 h;KDKi|X!!ffi*^'=>xt>^i'^— ^■v:^':^*ft-S:L 

[0 13 3] 4:^B^r'i±, ji^zri^^^mmit-^^miz k 

[0 13 4] K-:?l**«l<b^#lH±Jai=fToTJ:<, 
ff^L<l±, 3E9l,^AIillSe*±«<!:-rSa)A<ctL^ 

a)ia«§. «ijjiiii7LaA«!isls®*ai^b$iK3Jita)SM 

<D-e!g>-rL4,iE?LaAli3£M±Si<!:-r^i2^^(*^C<s JE 
7LaEA^5M)l<7>, cHlc^-r-5^3feM (B^aAIHSIM 
^S^a^H^t^Oo ) , t, L < l*mT;-£AlKlitJl (iE 
?LaAlfe51JlA<^5t)l^^ta^ii^) #Jro4i^.cDtii|5<t 
Lr4,J:^^3!)^ SSI*IE7LaAttliilJl^llEi:-r^c ^ 
fc, Ji^(zJ:^TI*, iE?Lj£A^3tM^i|S^fc(*iE?La 

AKisisa), c*i(cs-r -s^jtgt L < i*mTaASi«i 

ic, IETLaAll^iilll^(c^;L^r, iEnfiAmmmntjiz^ 
i?LaAii52i^±(-. h'-3^ufcm-iE?La 

[0 1 3 5] ;u:/u>(7) K— t°>^*;^SI±, ;u^u>3b< 
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<, i:—Zfm±m~i>^i^O. 1 ~5 Owt% i:-r*ct*< 
»SL<« ^e,(c(*o. 1~3 0wt«. !|#(3(d:0. 1~ 
2 0wt% ,!:-r-5-i:A<»*L,tV 
[0 1 3.6] Bn-^(DJ:5I-. *^BHl3fcL^T. Jff^L< 

Affile It § =t -v'j 7 p -v + > A<s ^ y , Stt 

(i'^Ji < 'tE-So U^A^^^-vyrSiSS-a- 
;u4?-i^iiA<ec y . i^scfite*)5fejs < y . ^o) 

Co 1 3 7] SifetttlM^ LT^U3ru>^ 

[0 13 8] ^:»0^lcfct>T. Affile!*, tt*Ba!»ro/h 

$L^;|!^^|S|•, 'PlJ^li, L i , N a, Mg. A U A g. I 

ffiCDJ?$l*1 0~1 OO0niiigSi:-rS^i:*<»*L 
[0 13 9] EL^^^®3g3t$-a--5fc«)l-l*, '>^E< 

< (*^3tjte<7)igMmA<8 0%Ki±t>S:.5.k-5l=^e«)W 
0lJx.(i, ITO, Sn02. Ni. Au, Pt, Pd, 
^:ittm^Ll\ ^fc, ^ero®^(±1 0~5 O Onm 

LT1 0-3 0 Q/D© I T OA^^If 

[o 1 4 o] »tE«SEH-!^(-ftJi®i*<fi^*^ ia*«ij-ci± 
[0141] un, ^mi^^mmtt^n^mi^^m-Bi- 

[0 14 2] J^^B^OTTKy ^7|-Z'I>^fflL^fcE 



[o 1 4 3] m^n^zsmmit. mm^'p:^'^v^mm 
(r>%.^is.^m^ J; y m^r ^ i: l l^o 
[o 1 4 4] iE?Lj£A^3MM. %%mi5^-u-mi'^xm 

^^^*fflt^«C^:J!)<»*LL^, ^ixlzJ:y, 1-10 

M'tC-SM*<?it>:h.S» !ga^BmgA<0. 1 Am ^tS^TO^ 

i++LtfJS:&<c<JEi:y. miSfa)aA^*t.«u<<gT-r 

4o 'JCfc, _hlB<D3|S^SgCD■FISI-l*#(::flJRSI*'5:t^ ' 

A*, aso. 00 1 //m 

[0 14 5] Ks^3ta)^fe^^l*!^l-lis^*^^^c<'^*^ i 

0-5Torr (1 0-3pa) JaTOJX^JSi: L. ^WJISI* 
O. 1.-1 nm/sec ^ai:-rSC,!:A<»^Ll^ Sfc. 

lEiftmiE^ « < r ^ t A<-C' # -Sc 

[0 14 6] CtLfe=&g<D^^fiE(-S^li«a^ffll-^-5*& 

^icfca^-c. 1 Micsaa)<b^1*i*^=^$-t±s«^. "(b 

[o 1 4 7] *^IS<Da^{*:*^^-rSB5, »^L<I* 
5-40. ^P,l=j(f^L<l*5-2 OO^/^— 

tli, g^^iailKA'^'^ h-^iU ( I R) , iS*^ h 

;u, (!RJ|RX'<^^ hJUtl-eit^-e^So. *y*tt:fl*i(=tt. 

[0 14 8] :t:5EIH<DE L^T-I*. ii^. ItSSiglS^W 
a^-5Ci:t,T-#-l.o ^ilPWlEI*, 2~20VS 
[0 1 4 9] 

[o 1 5 o] <mmm^ >mts i p onm© i romsMm 

^LT. 1 X 1 0-6Torr (1 . 3x1 0-4pa) ^"e^ll 

[0 1 5 1 ] ;jCL^T% -(bl 2(7)lt^«:ill -1 l^'J 
i^^fy =^>-2, ] ^mM^&O. 2nm 

/sec-t?3 Onm^Jl^lC^^L. iE?LaAISlJlJl <!: Lfc„ 
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[0 15 2] ;:)^L^-f?, MffttS^^Sofc*^. hUX 
(8-^-/i;/^h) T^US-t^ix^^^iSSO, 2nm 

/secr-5 0nm(7)ff*(C^^tLT, 

tz%%mt Lfco 
[0 15 3] MIEttH^^ofc**. MgAg 

Caiifcl 0:1) 2nin/secT?2 OOnm 

[0T54] ^C7)E L^^(cSJE^En*DLrl:5lt^3!t L 
fctZ^s 7V . 1 O OmA/cm27?5 O Ood/m2 OTMSSfe 

(^3tiNl:^5SSAmax = 5 O 1 nm) OT%iitA<5tig^;h.. 
^(D^itlil^jgMmilBgicfr- 3 0 0 0 ^relJiliSS L 

fc. 

[0 1 5 5] <ilS£#J2>J»$ 1 OOnm© I TOS^m 
SLr. 1 X 1 0-6Torr (1 . 3x1 O'^Pa) 

[0 1 5 6] ;J^L^^?. {bsoffi^ft I - 1 C^'J (TtI- 

7i>-2, A-V'fyU) ] $^^jSSO. 2nm/sec7? 

3 Onm(De^:(z^^L. JE^LaAHliMJl Lfc, 
[0 1 5 7] ^EttSl^^ofc**, h 'J 

U-+>"J>'^h) 7';U5-';7A$liS3iaO. 2nni 

[0 15 8] ^eiCs jSE«SI5«ofc$^. MgAg 
(MMifcl 0:1) ^m^^&O. 2nm/sec-C2 0 0ntn 

[0159] COTE L^^icmji^EnapLrmstt^aftu 

f:lilZb. 8 V . ID OmA/cin2T' 8 O Ocd/m2 (OSti^-fe 
(563tS:*:5SEfiAtnax = 5 0 0nm) OBStJ&^itK * tls 
w<D^3tlil£Ji^*l?Hm*T?3 0 0 0mrSiiL±^^L 

[0 1 6 0] <IIJ6^J3>]1^? 1 0 Onm© I T OjSB^B 

^L"C, 1 X 1 0-6Torr (1 . 3x1 0-4pa) ^VMK 

[O 1 6 1 ] ?fel,^-e, •fbl 2(Ofi-&i*lll -1 [tK'J 
(T7|-:7x>-2, 5-i?'r;U). ] ^1 Onnirog*/C«g 

[0 1 6 2] N, N' - t*X (m- ;>« T^b^' j: 

-;u) -N, N' -■x:7x^;U-1, 1' -t'r'a:— 
-4, 4' -vT5> (TPD-1) ^ 5 Onm(7)J¥*|r 

[0 16 3] ^xi^X'. mm^m^^-otz^-^: hux 



/secX'5 Onm<Dm^l~mmLr. m^J^AIiiM ■ ^it^ 

[0 16 4] iIiI±ttM^«ofc^^, MgAg 

(Msifcl O : 1 ) ^^«ilJSO. 2 nm/secT? 2 O Onm 

[0 16 5] wa)ELmT(=^ff*B]anLT«3SE^3iEL 
7V . 1 O OmA/c(n2T?3 O O Ocd/in2 (OSlli 
(^3t^S>=jS:gAniax =5 0 Onm) OfBifeA^StS $ 
tv, Cro^5fe(*SJt^|g|?Hfl4"T7 1 o o o B#rJi^T% 

[O 1 6 6] <||«E«IJ4>3llS#JHcfca^r, hUA 
(8-+>"J>'^h) 7';^£-':7A0^3t@<DIS3!)^l=, 
m^aAtt}Bl«3|Stt LTm-e;^ [2- (A-Zf^^U^^ 
JL-J\.) -1, 3, 4-3*-:^r-y-i?Ty-;i'] 'O-b*^^ 

[0 16 7] ^(D^oum=Fiztsi^xi. ^mm-i tm 

[0 16 8] <itmm^ >mtS 1 OOnnKO I TOSB^m 

^LT, 1 X 1 0-6Torr (1 . 3x1 0-4pa) ^^!ltl± 

[O 1 6 9] N, N' -t*X (m->5^;U77ji 

— ;i/) -N, N' -v?7x— ;U-1, 1' -t*:7x::i;b 
— 4, 4 • — i?7 5 > ( T P D — 1 ) ^5 0nm(7DJ¥$l= 
Si3»U IE?Li£A|gl=ljli:Lfco 
[0 17 0] MJEttgg^ffiofc**, h'JX 

(8-^y'jy^h) 7;L'S-'l7A^3R^jSig0. 2nin 
/sec7? 5 0nni<DJ?$(3«ISLT, m^SSAIsIal • %3tJl 

[0171] SfJUI^Ei^iSofc^^. MgAg 

(fiatti 0:1) ^mmmm.O. 2nni/sec-r?2 O Onm 

(DJ^^Ic^^LT^a.!: L/E L^^^^^fco ' 
[0 17 2] COTE L^TI-mJE^EPSbPLTmsS^SSL 

t-tZ^^ 18V. 1 O OmA/cm2Tj2 5 O Ocd/m2 <7)|| 
(«it«SjfcjRfiAtnax = 5 0 5nni) (D^3tA<5t^$ 

ti, C(D^3tia:|^«IM«l?ffl^*T?1 OO^Fb^I-T. 

^^iPfi'Si o<lcDmT-^^3t^i±fc<tc;5, 300 

[0 1 7 3] <^S£<5tj5 >J5^ 1 O OnnKD I T Oi^B^^ 
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Am7\-yJl^^-i~m^LX. K^ffl^l XI 0-6Torr 

(1 : 3x1 0-4pa) *-C®EEUfc. 

[o 1 7 4] ^-r. -(bi 2roM^W:ill -1 C^'J 
:?|-:7i>-2, S-V^JU")! ^mM=^m.mO. 1 nm/s 

[0 1 7 5] ?»L^T% 1 , 1 ' - t*X ( 4 - v?- p - h 

-0. 2nra/sec-C$*15 0nni<©J5$l=fll®L, g-IETLa 

[0 17 6] tP>lz^ aiEttfil^ftofc^^. h'JX 
(8-=^r/ 'J/^ h) Z^US-'^A^SI^iSJSO. 1- 
0. 2nm/sec-e!!itl5 Onin<7>Jl*|z|R^L. m=f-i^Xmm 

[0 1 7 7] SFClr, SltEtt«l$«of=^*, Mg Ag 
(«Stt1 0:1) ^^«5IS0. 2nffl/secT-$^2 0 0 

[0 17 8] COTE L^^^izilSfLmil^EniinL. I?:it# 

fflfiTI 0inA/cfn2<D-Sm3SSgT?5SiMt|gItl$i±fc„ 
^|Z|*7. OV . 3 0 0cd/m2 (DS^fe (.^iftm:^^^^: 
Amax = 5 0 0nm) 0563tA<«t^$*l.fco SSW^MB* 

P,g(i2 4B#Rg-e, ^-oKiroiKSIimBEaji^iia. i v t? 

[0 1 7 9] <itfel?lj2 >j»^ 1 O OnmOT I T O^BJ^ 

7t^;i.^— iCgSLT, 1 X 1 0-6Torr (1 . 3x10-4 
Pa) *-t?ilSELfc. 

[0 1 8 0] ^-Ts 1, 1 ' - f;^ (4-i:?-p- h'j 

;U7S>:7i-;U) i/^? P'>.:^-y->$^gjlJg0. 2nin 

[0-1 81] ^>:L^■e. mji«Sg^«ofc**, h'jx 

(8-4r/';/^h) T;U5-'^A^^«2jeo. 2<m 

/secT?5 Onm«);¥$[-^«Lr, m^aAfiSI • 

[0 18 2] SiBEttM^-ISofcS^, MgAg 

(fiSi± 1 0 : 1 ) ^mmmiS. O . 2 nm/sect? 2 O O nm 

[0 18 3] rroEL^^^icmssma^EnsnL, 

BfiTi OmA/ciii2<D-'e^3ftSBSr-aiBEIiSl^-a-fco «D 

mizlt. 8. 5V , 3 6 Ood/m2 roSl^ife 

:S A max = 5 0 O nm) ontftAmmt Urtz, 3 ^Fb^S^Iz 

liiiuisiiAn 1.5V iz±mu 1 9^r^^i=i*i^« 

LT^^fco 

[0 1 8 4] <S*^)6 >J?^? 2 O Onm<73 I T OSB^S 



^ji^y— ;u*A\b?l#±ifri£JtLr u V/03 j5fe;# 

®^1 X 1 0-4paUlTS-^MI±Lt=„ 

[o 1 8 5] ^-r. -fbi 2ros^<*iii -1 C^'J 

:*-:7i>^2. '5--:?-f;U) ] ^jUSiSaSKJO. 1 nm/s 
ec-C«*l2 OnmOff^FlZ^TtL, m-jEfLaA^jUBi: L 

[0 1 8 6] jfeLN-c. K^*f^:^mTI=ML> Sl^S^ 
1 X 1 0-4paJyT*T-MJE Lfc^. N, N' - 

(m-y 5^;u:7i-;U) -N, N' -v7x^;U-1, 
1' -t*7j:-;U-4, 4' -VT5> (TPD-1) 
* O . 1 ~ 0 . 2 nm/sectfi^ 5 5 nm<73Jl ^? IzB 

[01 8 7] ^F&lr, 3SlittfiS*«ofc*^. h'JX 

(s-^yjy^h) 7';u5-'5AS^^3ijao. i~ 

O. 2nin/sec-e3Kl5 0nin(OJl$(cg|^L, ^TaA«Siil 

[0 18 8] ^iiir. ^lEt^^^^ofc^S. MgAg 
(SSibI O : 1) ^^^S.SO. 2nm/sec-e|^.2 O O 

nmcom^izmmLxmmtL. sLm^^mt-o 

[01 8 9] CODE Lm^lCiSSftmiE^EniPLs Itjtl? 
B^TI OniA/cni2©-Sm3RSS-C-a^|glll$-f*fce ^0 

»i=i*5. 6v s 2 1 ocdM <Dnm-& (.^fftm:k'&Si 
Amax = 5ooniii} <jym^*<m.VB.^ *itco ms.<D^mm 
Kiii 3o^rBTe, ^a)fS[o>m.mms.<o±mtT . a\ 

[0 1 9 0] <ll^s^5lJ7>ll^s^J6lz^5L^r. m-iEfL 

aA^itJl^^a 5nm/l(c}^)i£Lfcro*.. ^&lcM£Ett 
B?rtB!g-iEfLaAiijt*f*s^<!:S^^aA 
^iSIW^sji: LT h'j;^ <8-+>' h) r;U5-'t' 

A*(5(S|^i:ji^3SJg (O. 1~0. 2nm/sec) 7?*^ 
^LT. jl^MS$t|4 0nma)J5^?(3jg^Lfc, CWii^ 

[oi9i]^-roi^, liagffijetf^^ic. h'j::^(8- 

[01 9 2] mmme t^m\z^m^mm.T ^ omA/cmZ 
©-smatssr-s^igis^-Hrfco ^m\z\i.^ e. 9v 

, 2 8 O cd/m2 roS^-fe (ie3'c®:*:i^fi A max = 5 O 
5nm) <D^3tA<?tg$ih,fco i!Sfia)¥^^rBll* 1 0 5O 
^FpI-C. -t^FslcDlgilimBEaj-h^lis. 2V T?fcofc, 
*fc. S|5^e*ll^^3tS|J<7)tliSfccfet/fiE«(*± < ^C3!)^o 

[0 1 9 3] jI^MlC^L^fcN, N' -t*X (m->?^ 
-N, N' -■yT?!^;!^— 1, 1' 
j:-;|,-4, 4' --:;T5> (TPD-1) (D-^^ly^t 
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7t?7^>v-v;n pom^iimits. 40evT-&y. m^m 

ffl:tiEaco$6S^fit(*2. 4 oev-efeofco S'JX 

(S-^yjy^h) T;U5::i't7A(7)f 7|->-(b/-KT^>-> 
I p ©fgj^fiKi 5 . 6 4eV-C&y. m^i^S]:t)Ea 
©jas^ffliii 2 . 9 5 eV-e fc o fc. 
[0 19 4] ^<^>it7H^>->^rJl I P(*, 

±\zm^it-^<^<7)mmm (.mmmmo. 2nm/sec) 

1 Onmlmlr}i^i3£Lfc+l->^;Ua)M(C-:)CxT. {gX^WU^ 
-B^^^^3tSMAC-1 CawftSI^) ■C;llJ^Lr^f e, 

[0 1 9 5] ^fc, - 1 ©'r7|->-|b7K7^>'> 

[0 1 96] <SIJfifi»j8>SIJS^j7fcfcl,AT, m^-kmO) 

[O 1 9 7] f-a>l|g:S. fe)a8(Zl±, 6. IV. 2 8 0cd 

/ni2 (%3feffi:;*:iSfiAmax= 5 O O nm) (D^3fe 

[0 19 8] <j|^£0lJ9>il^£^J7l=^5t^r. Jl'^MO) 
J?*$1 bruntf •5(53f)^l*[^«l=LT3^^=■$^§, l^«l(C 

[0 19 9] -S-roSSa, ^mi-(t. 6. 4V . 2 9 Ocd 
/in2 OTHSifi (^3t@:^;fi«Amax= 5 0 Onm) <D^3t 

a)mmm.K(D±^it3. ov -efc-ofco ^fc, as^^wif 

[0 2 0 0] <||«S^J1 0>lllf5«iJ7i=fcaN-c, S^Ji 

[0 2 O 1 ] -troSS. tO«SI-l*, 6. ov , 2 5 Ocd 
/ni2 ORigfi («3feSI:*:)1?:gAiiiax=5 0 0nm) ©fl3t 

roiil!iaj±<7)±^ii2. 6V r-fe-ofc, g|55i-6*]l^ 

[0 2 0 2] ^Jg^J6~1 OOmmt-^i^, ;g^Jl^l6lt 

[0 2 0 3]>j:fc\ HJte^ije. 7lcfcL^T. C*<*W^ 
)S] <Diiicffl^^*LS±iB (1 ) m^ro (2) ~ (4) 

[0 2 0 4] <mMM 1 1 >J5$ 2 O Onm© I TOjgBJ 
(Pi+I) ^mir^±'=y7.mm^. *ttj5t^J. T-feh 



«^1 XI 0-4paKIT^-e^ffiLfc, 

[0205] S-f, tK'J (.=f^jty :!i>-2, 5-v?l' 
;b) $-^^jlJgl?IO. 1 nm/sect?)Kl2 0nni<7)g$(=^« 

[0 2 0 6] ;jcLNr'S^1f ^:*cmTicML. :gt;a^« 
^1 X 1 0-4pamT^tr3il±Lfc^. N, N' - t*X 

(m — p« 5^;UZ7x:=:;L.) — N, N' — v^xnvU— 1, 
1 ' -f^J:— ;U-4, 4' -vTSV (T PD-1 ) 
tJUZflyt^^^H'eHmmM&O. 1~0. 2nm/sec. 
0. 0 1~0. 0 2nni/sec-ei 9 JVitH 5 S rm<om-^\z 

[0 2 0 7] ajIttfil^iSofcS^. hUX 

(8-4^^ ijy ^ 7;u5-'5A$m^ajgo. i~ 

O. 2nin/secT?5Ml5 0nniro®S?IC^5tL. mT-^A^j^ 

[0 2 0 8] MEtt^^Sofc*^. MgAg 

(MSJtl 0:1) "^mmmS-O. Zam/seoX-mZOO 

m<r)m-tizmmLxmmtL. ELm^^mtz. 
[0 2 0 9] ;ifl5E L«Tictt:gftmiE^En*aL. KJSS? 

H^TI 0mA/cm2<D-S«3S!BjST-aig6®ijJ$-t±f=c 
Midi, 5. 3v . 2 9 0od/iii2 (Olffe (S63fee:*:JSS 

A max = 5 5 Onm) <05g3feA<«eg$*T.fc« ilSffi.W^iE^ 

Pd5i±2 6 o^Psi-e, ^a)PBi«)Sgiii^ffi(r)±^tti . ev 
[o2 1 o] sas^siji 1 <X)iigm*^t., ji'Zf\^:^^\i-zf 

[0 2 1 1 ] <Cfc\ 5IS£«IJ 1-11 l=^5l^r. lEfLiiA 

L^^^-f^SlLfcic^. USEfiiJi-i itl^*a)S:» 

[0 2 12] ^fc, C*i,t,«)M^»:'S:l^L^ta^{*ro-1' 
:!|->'(b7K^>V-v;L' I ptDSfe^fSl*. 4. 8-5. 4eV 

ro^gsizfey. N, N' -t*x (m-p<^;i/:7x^;u) 

-N, N' — ;U— 1, 1' — t*7x-;U— 4, 

4 ' -vTS >^f=(i1 , 1 ' - ex (4 - p - h iJ-'U 
7£y7xi^;U) v'-J' P'v+-y-> (I p (7)$6JE^fil= 5 .- 
4 0eV) S?^m-=iE?LaAMi^Mfflftirifel,h-rSS^<&-S-t± 

^m^-t^zti)<X'ttz^ 

[O 2 1 3] <|ISS^J1 2 >m^ i O OnmCD I TO^gS^ 

mm cmm') ^^-r-s^^'^xs^^. ^isat^j, T-t h 

^LT, 1 X 1 0-6Torr ( 1 . 3x1 0-4pa) ^"C^IE 



(18) 



!ftP¥7 — 1 2 6 6 1 6 



[0 2 14] Stet^■T?. -(bsroa^ft I - 1 [tKU 
7x>-2, 4-v-l';U) ] 2nm/sec-e 

[0 2 15] ^f>IC, jStEttfil^ftofc**. MgAg 
(SSJtl 0:1) 5^«JlSO. 2nni/sec-e2 OOnm 

[0 2 16] C<DE L^^^fzma^EnsDLr^s^^ggL 

fci: C^. 11V. 10 OmA/cm2T' 1 Ocd/m2 (OWfe 
(^3te@;*:;:S:gAmax = 4 8 0nm) <0^ifeA<5ie^*l. 

C(D^5ti*$£JtM^#Hm^'r-i ooommiii.±^^L 

[0 2 17] <|li£^J1 3>J5$1 OOnm© I T omm 

^LT. 1 X 1 0-6Torr (1 . 3x1 0-4pa) ^-pSEJI 

[0 2 1 8] ^teL^-^, ■fbl OOTi^S-^tti:! I- 1 [5^?|-:7 
:!:>-2, 4-i?-l'JU-T7f-7':!:>-2. S-v^-TJU^ 
tK'JV-] ^^«3SJS0. 2nm/seo-C:3 OnmCDJ?*!-^ 

[0 2 19] ^l±«gS^«ofc^^, MgAg 

Caiibl 0:1) ^HSiligO. 2nni/sec-C2 OOnm 

[0 2 2 0] ;ia)E Lfg^^{zmiE*EPjbnLr«3fE*3!EL 

tztZ^. 1 OV . 1 0 0mA/cm2T?1 0cd/m2 OJH^fe 
(^3t®>:jfi?gAmax = 5 3 0nm) OT^3tA<5i^^^^, 

z(om^itnm^m^ms.^r' ^ ooo^PB^jii±s^L 
[0 2 2 1 ] tjiti, mmm^ 2. 1 sicjjt^r. fijtM 

0<Dfi^t*:^El^ L*«^i*:<7> 1 fflEl±^fflU-C E L^T^^ 

^f^ssLfctc^s sis6«iji 2. 1 3 tmmns^ntjim 

[0 2 2 2] laJicfey, *f6Wa);f^'J^:^-7x>^fflC^ 



[0 2 2 3] 

«7K'JT;^•:7xl/$fflt^fcE L^^A<*S-r-5. ^fc. 

[0 2 2 4] m-^m^m^mt^^ta^X'it. ^m<r)m 

[132] u:j^^-ju^-m=f-i^^mm:o)mm^m-rzfav 
<?mx'&^o 

msi fi!isx:^^u:^— i^^-r-;!, K>©M^^^-r 

1 E lm^ 

2 s«i 

3 mm 

5 ^3tJi 

6 STj^A^MS 

7 

1 o ^Sx^.;^:?-«^!^^3lcSS 
1 1 

1 2 Pjt— ^ 

1 3 «x;j!.;u^-S^tti8tga (^ttSil) 

1 4 fflffllSH 

1 5 mnm^&m 
1 6 x-Yx^— 



m ] 

1 (EL3R^) 



-6 («?a?jttgH) 

-5 (®I£B) 

-4 (iEILftAW^) 
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7x>$raL^fcE L5gTlC^St^r, iETLaAfHSItt^b^ 

^>'fb7K7^>v'V;H p(Dmi,L<ltm^mmtlE a<D 
^fcl*CtLe.M#©^*<0. 2 e Vfeli-CfeS/K'J 
f^:?!- :? X > ^ffl L^fc E L 
[^^MIE2] 

[ffiIES>fSi^S«] 0 02 3 

[0 0 2 3] C{b6(Cfcl,\r. R3*5J:U^R4l*^ "ttt 

^tT-^K^Jl^^. ^SS?K^b7XmS*fc(iBg)»^^ib7k^ 
"I oo-f?fc5c D 

(9) iiria«^(*<o5*.a>'>'5:< t4iiaei±^#wr 

-5®A<K^^5tajI-.feyjKfiE*5h,fc±fS (8) ©tK'JT 
(1 0) |irias^f*<D^*.a)'>'Jf< 1 §m-h^^=& 
iE?LaAfi^Ji^^j'^'tc< <tt 1 Ji^-r^±fe (8) ^f- 

I* (9) <D7\i'J ^^Zf ^Z^^mi^tzE Lmi'o 
(11) ^Ft,!-. m^^aA^HlS^W-rSilH (8) ~ 



(1 O) «)L^•r*LA^«)7KU5^:^-:7x>^fflt,^fcE 

(12) ±13 (1 ) ~ (1 1 ) a)i^rtit)^<r>T\i'j^7t-^ 

j-£A$SifSI14<b^#) i: B?rfaS^aA^3^14^b-&i|«!l <i: O-T Ti" 
><b7K5^>->-\';H p ©Mt L < (*m^iS«^J E a w 

m. -^tcitz^i^mmomt^o. 2 e vKii-efc-S/Ku 

(13) 1Tff5iE?L/'£A^)lltt<b^ia*#*t-SMA<. mT 

AKli^^-hlcSJl*;KTfcys BUlB^^jSAililj^tt^b^ 
ft^^^-T'SJlA^ $f,(CBUI2iE7LaAfisltt^b-&tl* 

■km-r^m±i~mm^Hri^^±t^ (12) otku^^ 

(14) ±IE (1 ) ^ (1 3) ■a)L^-r;h.!!)^cD7K'J^7l-77 

x>*fflL^fcE L^^l=fct^r. iE?LaAia5£tt<b^!K!l 

t m^-aASil33ltt^b^!|«a CD;1^!fel^^*-r 

< 1 P:fr-57K'J 5^71-7 X >^ffll^f= E L^^o 

(15) BiJlH;1^%!^^*-r€./lA^^5tJlT-&^±l5 
(14) ro7KlJ^:d-3'x>$•fflL^fcF L^^o 

(16) B^IBHiE?L^iAli}^^4^b■&tli:BTrl2B^^aA«3M 
tt1b-&t)i:<73-f :^>'(b7Kx>v-v;u I p(D^*,L<lim 
^mmtlEa(D^. ^tzlt:zJh.i^mm(Dm*^0. 2eV 
KiJir-fc-5-hIfi (14) ^fcl* (15) ro;KiJ^:^-7x 
>^fflL^fcE L^^-, 

(17) flJrs5iE9l;:£A^Bl1±<b^«!l©'r:i-i/<fc7K^>*> 
pa>S^>l*MA<5. 4 e veiT-C-feS±t2 (1 2) 

~ (1 6 ) a)L^■r^^.A^<o;HU5"^:7x>^fflL^fcE 

To 

(18) mmm^^T^m^mt-^m^ h ij :^ ca-^y 

'jy^ hTvuH-OA) mwr'&^±m (1 2) ~ (1 
7) fl)L^-r^^A^a)^°'J^;i-^x>^s^,^fcE L*T„ 



(20) 



<^mW-7-'i 2 6 6-1 6 



(1 9) m^\i^Mt^i''-y^M-m^^^^±tE 

(1) ~ (18) «)l,^•r;h.7b^(7)7KU5^;^-7'x>^ffiL^y■; 
(2 0) ttri2ait114^mA<;u:?u>-efe^_tia (i 9) 

C H 

Sf^m (X) 58.5 2.45 

JilSffl (X) 57.07 2.07 

[«jE*f^«g«] 00 7 2 

C H 

tf-»ffl (*) 58.5 2.45 

IHIJSM (X) 53.45 2.32 

[ffliE*=f»«B«] 007 4 

C H 

tf-»«I (X) 75.8 3.8 

(X) 74.5 3.7 

[^!BgffiiE6] 

[«jES**«S«] 00 7 6 

C H 

fM[<it {%) 65.4 5.48 

aUSffi (X) 65.1 5.51 

C^«S«jE7] 

[MlE>y^^@«] 00 8 4 

[0 0 8 4] ^r. ^^mcDM-^t^ i . I I ^ 



[?iIE^*milS«] 0 07 0 
[0070] 

S Br 
39. 55 0. 0 (C<H:iS) a 
35. 50 5. 56 

[ffiiErt#] 
[O O 7 2] 



S Br 
3S.&5 0.0 (C.H>S)n 
35. 84 6. 39 

[ffllErtg] 
[0 0 7 4] 



S Br ■ 

20.2 0.0 (C,^.S)n 
18. 6 3. 0 

[MiErt^] 
[ O O 7 6 ] 



S Br 
29.1 0.0 (CoMbS). 
27.0 2.0 

ttifeiSi: Lri*. myili, 4#MBB6 3 - 2 6 4 6 9 2-§- 

ap^.V, 1 2-^^2 □'<Uy VlS^i*. hU;?. 
(8-=^^ ijy ^ f-) 7;b£-':7A^(D^gfi^*:fe^^i: 



(21) 
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mjEi^^ms^i 0 106 

[0 10 6] ilHOTMWcCA^-et.s l,^-f;t^A^A<-tfSeH 
[tfIE*f*Ili«] O 1 08 

[0 10 8] ±fH(C^5L^rfflC^•SiE^LaA«)31^^i^l*. 
-jS(=-r:i->^b'KT>'xV;H pro$fi*ffilA<5. 4eV 

®«li4. 8eViSJgT?fey. C©flil±4. 8~5. 4 

[^SSSMIEIO] 
[fflIE*flfcS5i«] BJSiSi# 
[ffi:ES*^]l@«] O 1 2 O 

[ffliErtS] 

[o 1 2 o] *f^4i^i£<7) I p^. Eag$±iaasHi:-r 

[¥^MiE 1 1 ] 

[liiES^ms^i*] 0j«as 

[«IES>f^Iig«] O 1 2 7- 

[Mie:^^] 

[«IIEl^^] 

[0 12 7] m2iz^-t^oiz. 6^9tmm^ oi±. 
^i^^>zf^ 1 . ^y^p>— 1 2. isaiff 1 3, sn: 

^.;Ui^-H^^|+|SgSl 4, $IJ»SS1 5, Sl^^iF^ 
Si 6fcJ:tj:x-YX7^— v?1 7lCcfcy<ifig^ix. X- 

Y 7. i^- v± iz-y- > r^;u s L -cai]^ ^ ^7 a t w-e 
[^Misn 2] 



[MiE3fet^*li«] 0^$a* 
mmMMLTMB^I O 1 2 8 
[^iiiE:^^] 
[ffiiErt#] 

[0 12 8] m9ym^>■:f^ 1 i=i±S7k«v:^:^^ffl 

LV C©5>:^3!»vf,tHfc3t^^>'^7n>— 1 2lzj:y 

2 o o~3 6 o nmcDffScDjSftic^i'cL, -y-:>::/;us 

a®(rKatt-f^„ 2 O 0-3 6 O nmCD^I*. B=hV 
= h (C/A) (E:x;^;U^— h : 

■r-5.t. =&'!76. 2~3. 4eV<t^J-i)o C<D3fe^Be 

1 3*Jj:i;«x:KJU^-l|^H-»SMl 4*fflL^rttlS!E 
miEtj:f<Dmn^Lfz'^. lIl3(-^-rJ:5'S:fi!lSx;}!.;u 

[^ii^MiEl 3] 
[Mi£^^$S«] BJiiil'S 
[?fiE5!>fS]^S«] O 1 30 

[fiiEi^@] 

[O 1 3 O] tffc$IJ?5PSSl 51*, =Ey ^P^— 51 1 2 
<75;£^:g|Il!j. X - YX-x— 1 7 l=<fc^-y->7^;K4Sro 
$l]15|lfcJ:i;iSx^.;U^-m^^tt-SfcSSl 4CDH-»$IJ?SP^ 

[#iiSlffiI1 4] 

[iiiE^ii#ii«] 
[*iiE*f«i]Sg«] ^#<©tjieB 

[ffilE^a] lEM 

[ffiiErt^] 

[^^©IftBB] 

1 EL^^^ 
2 

3 Rg:^ " 

4 JEn^^A^^m 

5 SlJfeJi 

6 n^aA$st2is 

7 

1 o ^Ji^^jvdf-m^^^^m 
1 1 m9\-m^:yy 

1 2 ■i? P J«— 

1 3 mm^ 

1 4 «x^.;u=^f-m^IiiSgg 

1 5 $lJiSpg« 

1 6 ;^SCS5iSM 

1 7 X-YXt^— 



(22) 
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[^i^MiEl 5] 

miE^^ms^i a 2 

[@2] 




[^tHH] ¥JS6^9^ 3 O H 
[^ilSffljE 1 ] 

[lif3E*f^]lB«] 8 

(8-^/ h) T>/us-':7Ar'fe-i>»*^i 2~ 

[*|jE*f»^g«] 0 0 13 

[0 0 1 3] ^ts^b^!|^Jgl=;^:?u>^ffiL^fc 

* L^ l*IE fLlfti2lJl «i^®®J4i» <i: ±(* 7f 

iUiHSic F-:?Lf=tO-CI*. h 'J X (8 y 

mm^mm^mm. 2 8p-q-8 (1992) 

^^f, :^^XL^>7 hP-^X*tSW^^ (JOE 



M) ^ — <?->av:f9 3 1 <1 9 9 2) ] , 

^fc. b'j-y ji-ji^i^rz^mmf^ (tpd) roiEfLiii 
if, mm. jsea, ssbb, ms 4i5]jE'ffl«aa!^^ffi3iss^ 

gi;1S^?SIS. 29P-2C-7 (1 993)], 
[#^^fIE3 3 ■ . 

[MjES=t^?iB€] O O 2 3 

[0023] [-fbeicfci^-c, R3fc«fet^R4l*> 

~ 1 o o-efc-5o J 

(9) mjf5M-&t*:ro3T^<©'>^C< <»: 1 1 Sia±$-^*-r 
■5Jl7!)<K^^«.*(=cfcyj^^$nfc±lB (8) (Oni'J^ 

7 JC> ^ ffl L^fc E L 

(10) BtriHa^t*:ro5*.CD'>ti:< .tt, 1 ®1U±^^^ 

IE7LaA«ilM^*'><C<^*lB^-rS±ta (8) ^fc 
I* (9) <0;K'JT^7x>^ffllNfcE L^^^c 

(1 1) ^p>i-. mTaAMijMJi^^-r^-hfs (8) ~ 

(1 O) (75L^■rtuA^<D7KU?":^37J:>^ffiL^/■-ELm 
(12) jtlB (1 ) ~ (1 1 ) (DL^-rtL7b^(7)7KiJ^7r-^ 



<i^MW- 7-1 2 6 6 1 6 



^7t- :? I > L>f= E L Sft^o 

(13) mmjEn&A^^mt'^^^-^^-r^mi}^. m 

$bizmriBiEfl.;:iAtiisltt^b^#i$ 
^=t-r■i.M±lc«P^;^^rL^S±la (1 2) (DT^'J^Tt- 

(1 4) ±iH (1 ) - (1 3) <OL^•r^^A^<D>t«'J5^:^■:7 

(15) ft[|SS^1«!l$^*t-5JlA<^3feM-C-fe^±iE 
(1 4) (7^7K'J?^7t-:7I>^fflL^fcE L*^-o 

(16) WfBiE?L;-iAltiia^b-&tl<i:B^ffi«^aAl^iill 

TiSifP*Ea<DM, .*fcl*^4lt.jS#roilA<0. 2eV 
Jil±-efc-5±iE Cl 4) *fcl* (1 5) ©tKU^^:?! 
>^fflt^fcELm^. 

(1 7) mi5jE?LaAiSisitt<b^!fe(D'r:*-:^'(b/K^>e/ 

■\';H p<Dif6*HiA<5. 4 e VKIT-efeS±IE (1 2) 
~ (1 6) C0L^■rt^*^ro^U^:^-7x>^ffiL^fcE Ll^ 

(18) iiiiBm^^aA^sitt^b-&!fei*< I- 'J 7> ( 8 - ^y 
gy ^ h) T;u5-':7A-efe^±fa (i 2) ~ (i 7) 

(19) ^3ttt!telM*<K-:^**ifc®^*-r-5-hfB 
(1) ~ (1 8) (0^.^■ri^A^fl)7K'J^:ii-7x>^ffll^fc 
EL^^, 

(2 0) HUlE®3fett#)M3!l<;i':?UV-efeS±lE (19) 
CDtK'J ^;f7x E L^^-o 

miEM^ms^i 00 5 3 

[0 0 5 3] ua. I I It. m-^^ \ tmm 

l^-rtLTrfeoTt<t<, '(b9ro<«igxEttZCDJ:5^Cli^g 
^S^-r^^^roT-fe-So •(b4, -tbsro^it^fi 

c^:l,^o - 



miEM^mm^i mmm 
mjEMmms^i 0059 

[0 0 6 9] ^^gljl tK'J (5^^:7x>-2, 4 - i? 
•^';t>) I -1 : 5feaaSH^feld:B r] CO^jje 

t*;^ (1, 5-->'^P:t^'J' vxv) ->v>r>/U (N i 

(cod) 2) 1- 58g (5. 7 1. mm o I ) , 2 , 
2' -t*t°ijv;>0. 90g (5. 7 5mmo I) i:. 

1, p=j-<7^ v:n>i . Cm I N, N--:; 

;/5^)U/t^;UA7'5 K5 Cm I lcM^I?Hm4^t?;"g-& L, 
$C>|C2, 4-V":^P=E5^=*-7x> 1 . 15g (4. 7 
Bmmo I ) ^iinjt.. 6 CXJ-C-I 8 h rSif Lfco 

x^iy— <;UT?gfe,^Lf=, ilR^I±9 1 %-l?feofc. 

[#i!i*iiE 6 ] 

[ttiEi?taiIS«] 0 0 7 7 

[0 0 7 73 -^S^mS ^:!t-7x>-2, 4-i?-<;U- 

?^;!l-:7x>-2, 5-':?>f;u (i : i) ^m-^W mm 

^ftl 1-1 : aSasgH^fcljiB r] <0^ljE 

ex(i, 5-->-5'p:d-^^'i;xv) ^•:/'b-;u (N i 

(cod) 2) 1. 58g (5. 71 mmo I ) , 2, 
2' -t*t°'Jv>0. 90g (5. 75mmo I) 
1, 5-->-5'P?J-'>'5i vX>1 . Oml^. N, N-i> 
:>t^Jl^7\Kji.J^T Z K 5 Om I lcg*flHg4^-C?;g^ L, 
$t)IZ2, 5-v:ifp^5^:!|-:7xi/0. 63g (2. 6 
mmo I ) 2. A-i>ya=EJ-:i-P3L>0. 6 3 g 

(2. 6mo I ) ir^iPx., 60"t;r-1 8 h rmnL 

& *Lf= tK 'J V - & ^ -tryHb^ilft jJe i: * l^^t" S fc 
h;ux>, UStK, x-Sty— ;UT?3fe^Lfc, i|R*l*9 3% 
[^iglffiiE 7 ] 

[*iI>Ft^3Si«] 0 09 8 ■ 

[0 0 9 8] ziHh,m^t-^mm±a> \ p^. s am^± 
wi'^mt(Dm-^-\i(oj:'oiz. mTaAliI^ltt^b-&%^•^ 

^-r -5 Jl i: IE?La Att-fb^ife) ^ ^^-r ^ S X 

ttS (U-^yu) 3!)<M51^b^;h-T. ^^SlcfcMt^^ v'J 7 

^P'>^>-?*jamA<is^y. 4itt6*i(-^^&i)LM*^^ 

^'5:+-V'J7roaA(iJ:yScy(c< <^c-5<D-e. #J1 



(24) 



nmW■7-^ 2 6 6 1 6 



miEMm.mS^^ 0099 

[0 0 9 9] ±I2lzfc^,^-c. m^aAlaijilli^b^^i^^ 
-5 g ife J: txifl-a AfitBitt^b^fe *#*-r -5 M © l^ 

[ffiiES^^:^g«l 0 10 1 

[o 1 o 1 3 *yacSLfcjiPi±, 

^ffilCfcl+S^-V'J P ^:^y^*A<3g»^tHf■r 
[^iSS>fIE1 0] 
[ffijES=f^«@«] 0 106 

[0 10 6] ±is©ma)«A^T-=t. L^■r^^*^**±Ifi«^H 

(8- + >"J>'^K) T;^5-'5A$ffl^,^«^:#l± I p 

i^mmTE-\ 1 ] 

[MiE*tmiIi«] 0 10 7 

[0 1 o 7] ^<Dt^<Dm(D±mmz{tii^[zmmittd:i'^ 

il«1 eVSS-T?fcy. ±IB©ilI±t^-rih.t.0. 2 
~1 e V(Deffl(=fe*c:i:A<»^Li,^. 

[#^ME12] 

miE^mms^i 0 10 8 

[0 10 8] ±IB(-fcl-^•rfflL^^IE?LaAliIi^*^3|£|•tt. 



(i4. 8 e VSiS-tFfey. C(7)fitl*4. 8-5. 4eV 
a)SH 13 -5 ;i i: L L^. 

[^ig^MiEl 3] 
[ffijE*t^SS«] 
[?fiE3*=t^^g«] 0 111 
[«iE:^,*] 
[?iiErt#] . 

[O 1 1 1 ] ±f5<0«JiElc*5L^r«^^aAliig« 

■fr;H p<D$6j!ffill*ii^5. 6-5. 7eVSaT'fe 
«^iK?l]*Ea©iifi>i*<ll*2. 9-3. OeVgJS 

[^^ffiiEl 4] 

[*fiE*}^«^«3 BMmm 

.[MiE?ttl^@«3 0 113 
[*fiE:^a] 
[«IErt^] 
[O 1 13] 

[<tei/] 

[^JSIfiljEI 5] 

[MH^^s^^] ^«eis 

[MiE3^^^@«] 0 115 

[MiE:^^] 

[MIEP^^] 

[0 115] croi:^,- ;g^^lcli^vlJrcD7t^•:; e> 

^res/ ■^x A<T* ^ * ^ i: (= Jic ^ t% =g-^ ^ y 7 i*Mtt 

e<Jl=J:yS^^C!|S!lM**^ill-r*c •r^C^*.iE?LliIE?L 

^^is-r^ciricjsy, i£ro@ttco4rv'j TaAiiec 

<JS:y. ^-^'J7Sie-&^lgE-V?'5e3t$llgEt?, +vyT^f> 

l^mmiE ^ 6] 
[*iE5y^S!S«] WffllS 
[?i:E5fct^3ip«] 0 12 0 

[Mje:;^*] 3£M 

[MiEP«3#] 

[O 1 2 O] *^i^(^±<D I p^, Ea^^iiS^Ht-r 

ll^-SxIimA^lRliL. ^3teA<^t,.lc^^-(b-rS<t,!:*, 
O^^AM^ ^-t^^t, -hta© J:5 7jf+vyT<©:?P-v4^ 



(25) 



<^mW- 7-1 26 6 1 6 



[^^MiEl 7] - 
[MiE*tm3S@€] O 1 2 1 

[0121] ±lH(DS(0^i:*^-et,. L>-rttA^A<±IB®ffl 
ro$63^{ii. Sfc^^;£AISlj^«S£Ji LT h U x ( 8 

■v>#ffl•r-5iE?LaA^^l«^£^i:^^^aA^^lWJ|E^i:a)» 

[#MffiiEl8] 
MiE^^m^a«] O 1 2 8 

[0 12 8] m9\■m=7yy^ ^ {zitm^m'7>':^^m 

2 O 0~3 6 O nm<»ffj£(7>a^ftlZ^^■3feL. H^^^yUS 
a®l=Eiltr-5o 2 O O ~ 3 6 b n m©3fel*, E=hv 
= h (c/A) (E:x;K;U^— h:7f^>^^!», 
V : mmtm, A : ©^C^ffl^,^TX^.y^4^-|cS^» 
r-ixi:, =&>^6. 2-3. 4eVi:^f€)„ COTpfe^lil^ 

X (Dig L e> [6] A'' -3 r X ■< — ^ L r 

1 3fcJ:i;ex:N;U^-^^-ttaSSl 4^ffll,^Ttt» 

[^^MIEI 9] 
[MlESt^S^I^] 0J$1S 
[|iIESrt^Ilg€] O 1 6 6 
[fflE^ffi] gEM 



[O 1 6 6] <^iSeiJ4>^ffi^Jl (rfcL^r, h 'J X 
m^,^AIIliel«^i: LT^- fx [2- (4-t e r t 

-3f5^;u:7a:rz;u) -1 . 3, 4-:?t-+-y-i?7'i/-;u] 

[^®MiE2 O] 
[MIE^^$^:S] l^iNSe 
[ffliE*tm3Sg«] O 1 7 5 
[ffilEI^jt] 3gM 
[ffilErt^] - 

[O 1 7 5] ?j?L^t?, 1, 1 -t*X (4-v-p- h'J 

O. 2 nm/s e c-e*?I5 O nmOJl*l-jS®L, ^— 
lEfl-JiAliiBlJit Lfc. 

[^liSIMI 2 1 ] 

[lgiE5PjmSS=S] BJ^iBS 

[MjE*t^3Sa«] 0 18 0 

m^-^mi ISM 

[^iIE[*j#] 

[0 18 0] s-r. 1 , 1 - ex (4-i?-p- 

TS-/ Z7x^;U) P'^^-y-^S^^iiSO. 2nm 
/s e c-es O nma)Jl*l=^«L, jETLSAMSISt 
Lfco 

[¥igJ«3E2 2] 

[ffiiEs.t^ss«] mmm 

IMlE3=tmmg«] O 2 1 2 

[*ii:^a] 
[MiErtS] 

[0 2 12] Ztt6<Da^{*^Ct^L*m^i*:<Ol' 
:*-V-fb7KT">v-v;H P<D$6*H1I*. 4. 8-5. 4e 
V(D®HI=$.y» N, N' -t*X (m->^;b:7x::z 
-N, N' -v:7x^;U-1, 1' -t*7x:z;b- 

4, 4. -vrSi/^fc(*1. 1 -fx (4-p- h'J 

5. 40 e V) ^^^-IEfLaA^i^Mffl^b-&!|*!i:-ri. 



